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Allium cepa assayInspired by its ethnobotanical use, the aqueous extract of Distephanus angulifolius (DC.) H. Rob. & B. Kahn
(Asteraceae) [synonym:Vernonia angulifoliaDC.]was evaluated for cytotoxicity and genotoxicity using theAllium
cepa assay. The extract was prepared with tap water as is done locally by traditional healers to use in the treat-
ment of stomach ailments. Onion bulbs rooted in tap water for 24 h were exposed to 1.3, 2.6, 5.3, and 10.6 g/L
of the extract for macroscopic and microscopic analyses, respectively. Maleic hydrazide was used as the positive
control and tapwater as the negative control. A statistically signiﬁcant (P b 0.05) inhibition of root growth by the
extract when comparedwith the negative control was observed. The calculated EC50 for the extract was 5.25 g/L.
The mitotic index decreased with an increase in concentration of the extract. The extract induced chromosome
aberrations which were statistically signiﬁcant and dose-dependent compared to the negative control.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The use of medicinal plants in traditional medicine for primary
healthcare is an age old practice. About 80% of South African people
use traditional medicines (Dold and Cocks, 2002). Approximately,
3000 species of plants are used for this purpose (Van Wyk et al.,
1997). There are many reports on the biological activity of extracts
from some of the plants in terms of therapeutic potential. However,
information on the safety of most of the plants is scant. It is thus impor-
tant that these plants are investigated for both as potential chemother-
apeutic agents and for safety.
Distephanus angulifolius (DC.) H. Rob. & B. Kahn (Asteraceae)
[synonym: Vernonia angulifolia DC.] (Robinson and Kahn, 1986) is a
shrub or climber, commonly known as “Trailing Vernonia”. It is known
as ‘impoqompoqwane’ in Zulu. It is found from the Eastern Cape to
Mozambique (Pedersen et al., 2009). The leaves are used to treat
stomach ailments in traditional medicine (Hutchings et al., 1996;
Pooley, 1998). Scientiﬁc research has conﬁrmed its antimalarial property,
the presence of sesquiterpene lactones (Bohlmann et al., 1978; Pedersen
et al., 2009), and also antimicrobial, antioxidant, mutagenic andowth and Development, School
urg, Private Bag X01, Scottsville
hts reserved.antimutagenic activities (Chukwujekwu et al., 2013). Being closely
related to Vernonia, it is not surprising that it does contain sesquiterpene
lactones. This study was conducted to evaluate the cytotoxic and
genotoxic properties of water extract of D. angulifolius using the Allium
cepa assay. This assay is highly effective and sensitive for the detection
of mutagens (Rank and Nielsen, 1994). It is inexpensive, fast, and above
all provides reliable and reproducible results.
2. Materials and methods
2.1. Plant collection
The leaves of D. angulifolius (Asteraceae) were collected at an alti-
tude of 665 m in the Botanical Garden of the University of KwaZulu-
Natal, Pietermaritzburg in April. It was identiﬁed by the Curator of the
Garden, and a voucher specimen (Chukwujekwu#1NU)was deposited
at the University of KwaZulu-Natal Herbarium. Plantmaterial was dried
in the oven (50 °C) overnight, milled into powdered form and kept in
brown paper bags until use.
2.2. Extract preparation
The oven-dried and powdered leaves (80 g) were boiled in 1 L of tap
water for 10 min and allowed to cool to room temperature (23± 2 °C).
The extract was subsequently ﬁltered with Whatman no. 1 ﬁlter paper,
and then kept at 4 °C, as a stock solution until use.
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Onion bulbs (A. cepa, L., 2n = 16) were purchased locally from a
vegetable store. Before initiating the test, the outer scales of the bulbs
were carefully removed without destroying the root primordia. A series
of seven onion bulbswere placed in tapwater for 24 h and subsequently
series of ﬁve best growing bulbs were exposed to the test solutions (5,
10, 20, 40, 80 g/L) for four days in the dark and at room temperature
(23 ± 2 °C). Tap water was used as the control. Test solutions were
renewed every day during the course of the experiment. At the end of
the exposure period (5th day), the lengths of ten roots from each bulb
were measured. Using the weighted averages for each concentration
and the control, the percentage root growth inhibition in relation to
the control and the EC50 (the effective concentrationwhere root growth
amounts to 50% of the control) was calculated for the sample (Fiskesjo,
1985).
For the evaluation of possible chromosomal aberration, 1.3, 2.6, 5.3
and 10.6 g/L doses of the extract were used. Tap water was used as
negative control while 10 mg/L maleic hydrazide (MH) was used as
positive control. A series of seven onion bulbs were again grown on
tap water in the dark at room temperature (23 ± 2 °C) for 24 h.
Subsequently, series of ﬁve best growing bulbs were transferred to the
chosen concentrations of the sample, positive control (MH) and
negative control (tap water). They were exposed for 24 h in the dark
and at room temperature (23 ± 2 °C). At the end of 24 h, root-tips
(5–7 mm) from the bulbs were cut and ﬁxed in ethanol:glacial acetic
acid (3:1, v/v). Collected root-tips were hydrolyzed in 1 N HCl at 60 °C
for 6 min after which they were washed in distilled water. A root tip
was squashed on each slide, stained with 2% aceto-orcein for 10 min
and covered carefully with a cover slip to avoid air bubbles. Good slides
were sealed with ﬁngernail polish. Ten slides were prepared for each
concentration (two slides/bulb) and the control. Slides were randomly
coded and scored blindly using an Olympus AX70 light/ﬂuorescence
microscope mounted with Nikon DS Ri1 camera. For induction of
chromosomal aberration, 250 cells/slide (ie 2500 cells per concentration
and control) and the mitotic index were calculated as the number of
dividing cells per 2500 observed cells. The frequency of aberrant cells
(%) was calculated based on the number of aberrant cells per total
number of cells scored at each concentration of the extract.
2.4. Statistical analysis
Data were analyzed using IBM SPSS version 19 statistical package.
Analyses of variance were performed using ANOVA procedures.
Duncan's multiple range test was used to determine signiﬁcant differ-
ences (P b 0.05) between means.
3. Results and discussion
The results of the effects of the water extract of D. angulifolius on
root growth of A. cepa are shown in Table 1. The cytotoxicity assay
was done with ﬁve different concentrations of the extract. Besides
the control, the highest root growth was recorded at 5 g/L concentra-
tion and the least growth at 80 g/L. The inhibition of root growth byTable 1
Effects of water extract of D. angulifolius on root growth of A. cepa.
Doses (g/L) Mean root length (mm) ± S.E.
Control (tap water) 51.67 ± 1.01
5 31.13 ± 0.54⁎
10 25.47 ± 1.20⁎
20 15.80 ± 0.93⁎
40 14.67 ± 1.05⁎
80 12.46 ± 1.25⁎
EC50 5.25 g/L
⁎ P b 0.05, level of signiﬁcance of root growth inhibition compared with the untreated contrthe extract was dose dependent and was found to be statistically sig-
niﬁcant at P b 0.05 at all tested concentration when compared to the
control. The EC50 for the extract was calculated as 5.25 g/L. Root growth
inhibition in A. cepa is always accompanied with reduction in the num-
ber of dividing cells (Akinboro and Bakare, 2007) which takes place at
the apical meristem and the appearance of stunted roots indicates the
retardation of growth and cytotoxicity (Yildiz et al., 2009). Distephanus
is closely related to Vernonia and they are good sources of sesquiterpene
lactones. The sesquiterpene lactones vernangulide A, vernangulide B,
vernodalol, vernodalin and dihydroxyvernodalin were reported in
D. angulifolius (Pedersen et al., 2009). This class of compounds has
been reported to have cytotoxic and antitumoral activities (Kupchan
et al., 1969; Jasaka et al., 1992; Izevbigie, 2003). The water extracts
andwater soluble fractions of Vernonia amygdalina reduced the viability
of MCF-7 and BT-549 cells respectively in a dose-dependent manner
and also inhibited DNA synthesis (Gresham et al., 2008). The inhibition
of root growth shown bywater extract of D. angulifolius could be due to
the presence of sesquiterpene lactones that can potentially inhibit DNA
synthesis that would have otherwise promoted normal cell division.
Table 2 summarizes the cytological effects of different concentrations
of water extract of D. angulifolius on mitotic index and chromosome
behavior in the root meristematic cells of A. cepa. Dividing cells were
observed in all the treated concentrations. Themitotic index (MI) record-
ed in the control was 6.16. With increasing concentrations of the extract,
there was a dose-dependent decrease in the MI. It was highest at 1.3 g/L
whichwas not statistically different (P N 0.05) from the negative control.
The rest of the concentrations, including the positive control, yielded
statistically different MI with the lowest MI with 10.6 g/L concentration.
The MI which is characterized by the total number of dividing cells in
the cell cycle is used as a parameter to evaluate the cytotoxicity of an
agent. The level of cytotoxicity of an agent can be determined by the
increase or decrease in the MI (Fernandes et al., 2007). In comparison
with the negative control, a signiﬁcant lower MI can indicate changes,
resulting from the effect of the test agent in the growth and development
of exposed organisms while a higher MI is the result of the induction of
increased cell division, which may characterize an event detrimental to
cells, leading to uncontrolled proliferation and even tumor formation
(Hoshina, 2002). The mitodepressive effect is an indication that the
extract exerted some effects on cell division of A. cepa. The inhibition of
the cell cycle by mitodepressive agents was explained as the blockage
of the G1 phase and consequently the inhibition of deoxyribonucleic
acid (DNA) synthesis (El-Ghamery et al., 2000). It has also been attributed
to the blockage of the G2 phase of the cell cycle and thus preventing cells
fromenteringmitosis (Sudhakar et al., 2001), and blockage of the synthe-
sis of nucleoproteins (Mercykutly and Stephen, 1980). According to
Christopher and Kapoor (1988), the reduction of MI might be due to
the obstruction of the onset of prophase, the arrest of one ormoremitotic
phases, or the slowing of the rate of cell progression through mitosis.
The types and percentages of chromosomal aberrations (CAs)
induced by treatments are shown in Table 2. The percentage of aberrant
cells was lowest in the negative control (0.32) and it increased with an
increase in the concentration of the test solution. However, at the
highest concentration (10.6 g/L) tested, the percentage of aberrant
cells decreased. This could be as a result of cytotoxicity of the extractGrowth (%) Decrease (−) in growth (%)
100 –
60.26 39.74
49.29 50.71
30.58 69.42
28.39 71.61
24.13 75.87
ol (tap water).
Table 2
Cytogenetic analysis of A. cepa root-tips exposed to different concentrations of water extract of D. angulifolius.
Doses (g/L) No of cells No. of dividing cells MI ± S.E. Chromosome aberration
C-mitosis Breaks Bridges Vagrant Stickiness % of aberrant cells
Tap water 2515 155 6.16 ± 0.45 – – 3 3 2 0.32 ± 0.05
1.3 2518 147 5.84 ± 0.94 4 3 4 4 9 0.95 ± 0.07
2.6 2513 64 2.55 ± 0.54⁎ 2 1 6 4 14 1.07 ± 0.28⁎
5.3 2465 45 1.83 ± 0.36⁎ 4 2 7 5 10 1.14 ± 0.31⁎
10.6 2545 14 0.55 ± 0.42⁎ 1 2 3 1 3 0.39 ± 0.25
MH (10 mg/L) 2509 50 1.99 ± 0.15⁎ 2 3 5 4 9 0.92 ± 0.17⁎
⁎ P b 0.05, level of signiﬁcance of root growth inhibition compared with the untreated control (tap water).
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(Table 2). There were very few dividing cells at the highest concen-
tration of the tested sample. Chromosomal aberrations are changes
in chromosome structure resulting from a break or exchange of chro-
mosomal materials. These abnormalities were observed in meta-
phase, anaphase and telophase stages of mitosis. The CAs observed
include c-mitosis, chromosomal breaks, chromosomal bridges, va-
grant and sticky chromosomes (Fig. 1). Generally, the tested extract
induced more of the physiological aberrations (stickiness, c-mitosis,
and vagrant chromosomes) than the clastogenic aberrations (breaks and
bridges) (Table 2 and Fig. 1). Stickiness indicates a highly irreversible type
of toxic effect (Fiskesjo, 1985) of the extract and it could be due to sub-
chromatid linkage between chromosomes (Ajay and Sarbhoy, 1988;
Chauhan et al., 1986; Kovalchuk et al., 1998; McGill et al., 1974).
Mercykutly and Stephen (1980) are of the opinion that stickiness may
be due to the depolymerization of DNA, partial dissolution of nucleopro-
teins, breakage and exchanges of the basic folded ﬁber units of chroma-
tids and the stripping of the protein covering of DNA in chromosomes.
Chromosome bridges, observed during anaphase and telophase stages
(Fig. 1) were probably formed by breakage and fusion of chromosomes
and chromatids, or during the translocation of the unequal chromatid
exchange (Liman et al., 2010). According to El-Ghamery et al. (2000)Fig. 1.Allium cepameristematic cells exposed towater extract ofD. angulifolius. (A) normal anap
bridges and chromosomal break; (D) normal metaphase; (E) c-mitosis at metaphase; (F) stickand Luo et al. (2004), bridges cause structural chromosome mutations.
C-mitosis (Fig. 1), a possibly reversible effect, might occur due to
disturbed spindle apparatus and could induce aneuploidy when not
reversed (Fiskesjo, 1985; Odeigah et al., 1997). The induction of vagrant
chromosomes which is as a result of spindle irregularity, leads to the
separation of an unequal number of chromosomes in the daughter nuclei
and subsequent formation of daughter cells with unequal sized or irregu-
larly shaped nuclei at interphase (El-Ghamery et al., 2003). Chromosome
breaks, another CA observed, according to Saxena et al. (2005), indicate
the clastogenic potential of a test compound.
Although previous studies (Chukwujekwu et al., 2013) indicated
that the sample is not mutagenic in the Ames test without metabolic
activation, it might be that, as a mixture, it contains indirect acting
mutagens.
4. Conclusions
An aqueous leaf extract ofD. angulifolius induced inhibition of A. cepa
root growth, a mitodepressive effect on cell division and induced CAs
during cell division. The types of CAs induced by the extract suggest
that it could be clastogenic and also has the potential of inducing
polyploidy. Considering the above results, caution should be takenhase; (B) abnormal anaphasewithmultiple bridges; (C) abnormal anaphasewithmultiple
iness at metaphase; (G) abnormal anaphase with multiple breaks.
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the cytotoxicity and genotoxicity potential of the extract, it has to be
tested in different cytotoxicity and genotoxicity test systems, especially
on animal and human cells (in vitro and in vivo).
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